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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a fine light-emitting element 
that is capable of irradiating light with strong intensity in the region of a 
shorter width than the wavelength of the light source. 
SOLUTION: The fine light-emitting element comprises a pair of planar 
electrodes that are formed on an insulating substrate and a luminous 
part that emits light by being impressed with a voltage by the above- 
mentioned planar electrodes. The shortest distance between the planar 
electrodes is made shorter than the wavelength of the light emitted by 
the above luminous part. When, for example, Alq3, is used as an organic 
EL membrane for the luminous part, the wavelength of the emitting light 
is approximately 515 nm and at least one of the shortest distance 
between the electrodes or the width of the electrodes is made shorter 
than this length. 




1 0 1 

10 2-103 : 7U-tmtt 

as. -. 



LEGAL STATUS 

[Date of request for examination] 
[Date of sending the examiner's decision of rejection] 
[Kind of final disposal of application other than the 
examiners decision of rejection or application 
converted registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiners decision of 
rejection] 

[Date of requesting appeal against examiners decision 
of rejection] 

[Date of extinction of right] 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] The detailed light emitting device characterized by the said planar inter-electrode minimum distance 
being shorter than the luminescence wavelength of said light-emitting part in a detailed light emitting device with 
the light-emitting part which emits light by impressing an electrical potential difference with the planar electrode 
and said planar electrode of the pair formed on the insulating substrate. 

[Claim 2] The detailed light emitting device according to claim 1 which said light-emitting part becomes from an 
organic electroluminescence ingredient. 

[Claim 3] The detailed light emitting device according to claim 1 which said light-emitting part becomes from the 
particle which makes 14 group element a subject. 

[Claim 4] The detailed light emitting device according to claim 1 to 3 by which the insulating section is prepared 
in said planar inter-electrode, and said light-emitting part is arranged between said insulating sections and said 
insulating substrates. 

[Claim 5] The detailed light emitting device according to claim 1 to 3 by which said light-emitting part is arranged 
said planar inter-electrode. 

[Claim 6] The detailed light emitting device according to claim 1 to 3 by which the insulating section is prepared 
in said planar inter-electrode, and said light-emitting part is arranged on said insulating section. 
[Claim 7] The detailed light emitting device characterized by the width of face of the planar electrode which 
impresses an electrical potential difference to said light-emitting part being shorter than the luminescence 
wavelength of said light-emitting part in a detailed light emitting device with the light-emitting part which emits 
light by impressing an electrical potential difference with the planar electrode and said planar electrode of the 
pair formed on the insulating substrate. 

[Claim 8] The detailed light emitting device according to claim 7 which said light-emitting part becomes from an 
organic electroluminescence ingredient. 

[Claim 9] The detailed light emitting device according to claim 7 which said light-emitting part becomes from the 
particle which makes 14 group element a subject. 

[Claim 10] The detailed light emitting device according to claim 7 to 9 by which the insulating section is prepared 
in said planar inter-electrode, and said light-emitting part is arranged between said insulating sections and said 
insulating substrates. 

[Claim 11] The detailed light emitting device according to claim 7 to 9 by which said light-emitting part is 
arranged said planar inter-electrode. 

[Claim 12] The detailed light emitting device according to claim 7 to 9 by which the insulating section is prepared 
in said planar inter-electrode, and said light-emitting part is arranged on said insulating section. 
[Claim 13] A detailed light emitting device according to claim 8 to 12 with the minimum distance shorter than the 
luminescence wavelength of said light-emitting part between the planar electrode poles which have said light- 
emitting part. 

[Claim 14] Using the step which forms an electrode pattern on an insulating substrate, and the probe which 
faced said electrode pattern and has been arranged, so that the width of face of conversion may become shorter 
than the luminescence wavelength of a light-emitting part Perform an interaction to said probe, carry out 
conversion of said electrode pattern, and it reaches with the step which changes said electrode pattern into the 
planar electrode of a pair with which it insulated electrically. The manufacture approach of the detailed light 
emitting device characterized by including the step which forms said light-emitting part in the location where an 
electrical potential difference is impressed with said planar electrode. 

[Claim 15] The manufacture approach of a detailed light emitting device according to claim 14 that said 
conversion is cutting. 

[Claim 16] The manufacture approach of the detailed light emitting device according to claim 14 which is the 
anodic oxidation produced when said conversion impresses an electrical potential difference between said 
probes and said electrode patterns. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a light emitting device, a detailed light emitting device, and its 

manufacture approach especially. 

[0002] 

[Description of the Prior Art] In recent years, nanotechnology attracts attention as a technique using the 
physical development discovered by the production technique of nano meter order, or nano meter order. In the 
field of this nanotechnology, the technique controlled by nano meter order and a means to impress a physical 
operation with the resolution of nano meter order, or to detect physical quantity are important. 
[0003] For example, in a scanning tunneling microscope (STM), a probe with the tip radius of curvature of nano 
meter order is made to approach the sample for observation, and information, such as a configuration on the 
front face of a sample, is acquired from the current signal which gives the potential difference and flows between 
probe-samples, since the field where tunnel current flows at this time is atomic magnitude level mostly — an 
atom — it has resolution and information can be acquired. Moreover, an approaching space optical microscope 
(Scanning Near-field Optical Microscope;SNOM) is developed as a microscope which has the resolution beyond 
the diffraction limitation of light, and it has come to be used as a technique in which a sample front face is 
observable by the high resolution. Light is irradiated at a sample or SNOM can acquire optical information on a 
sample with the resolution which exceeded the diffraction limitation of light by detecting light through minute 
opening which has a path smaller than the wavelength of light. If this technique is applied, it not only can use as 
a microscope, but it is applicable as processing equipment. 
[0004] 

[Problem(s) to be Solved by the Invention] Thus, when irradiating light in SNOM, generally minute opening of 
magnitude smaller than wavelength is prepared, using this minute opening, light is irradiated at a sample or light 
is detected. However, luminous intensity will become weak if light is introduced through minute opening in this 
way. This leads to observation time amount becoming long in SNOM. Moreover, the time amount for processing it 
in the processing equipment using SNOM becomes long. 

[0005] This invention is made in view of the above-mentioned problem, and aims at offering the light emitting 
device which can carry out an optical exposure by strong reinforcement in the field which has width of face 
shorter than the wavelength of the light source. 
[0006] 

[Means for Solving the Problem] The above-mentioned technical problem is solved by this invention shown 
below. 

[0007] The detailed light emitting device characterized by the said planar inter-electrode minimum distance 
being shorter than the wavelength of said light-emitting part in a detailed light emitting device with the light- 
emitting part which emits light by impressing an electrical potential difference with the planar electrode and said 
planar electrode of the pair formed on the insulating substrate. 

[0008] The detailed light emitting device characterized by the width of face of the planar electrode which 
impresses an electrical potential difference to said light-emitting part being shorter than the luminescence 
wavelength of said light-emitting part in a detailed light emitting device with the light-emitting part which emits 
light by impressing an electrical potential difference with the planar electrode and said planar electrode of the 
pair formed on the insulating substrate. 

[0009] Using the step which forms an electrode pattern on an insulating substrate, and the probe which faced 
said electrode pattern and has been arranged, so that the width of face of conversion may become shorter than 
the luminescence wavelength of a light-emitting part Perform an interaction to said probe, carry out conversion 
of said electrode pattern, and it reaches with the step which changes said electrode pattern into the planar 
electrode of a pair with which it insulated electrically. The manufacture approach of the detailed light emitting 
device characterized by including the step which forms said light-emitting part in the location where an electrical 
potential difference is impressed with said planar electrode. 



[0010] 

[Embodiment of the Invention] Drawing 1 R> 1 explains the light emitting device used with this operation gestalt. 
[0011] Drawing 1 is EL (electroluminescence) component with the planar electrodes 102 and 103 and light- 
emitting part 104 of a pair which were formed in insulating substrate top 101. An EL element means the 
component which emits light by adding an electrical potential difference or electric field to a component. In the 
EL element of this invention, at least one side is shorter than the luminescence wavelength of said light-emitting 
part 104 among the inter-electrode minimum distance d1 of a planar electrode section, or the width of face d2 
of an electrode. 

[0012] The insulating substrate 101 serves as a pedestal which supports the planar electrodes 102 and 103. 
Although Si02 grade is mentioned as a material, the surface part should just be an insulator layer like Si02 thin 
film formed on Si substrate. The planar electrodes 102 and 103 are thin film electrodes formed on said insulating 
substrate, and are electrodes of the planar mold which makes a pair in a longitudinal direction like drawing 1 . 
[0013] As an electrode material, it is usually good with the metal and semi-conductor which are used as an 
electrode. For example, Au, aluminum, ITO, etc. are mentioned. 

[0014] The light-emitting part 104 is formed so that an electrical potential difference may be impressed with this 
planar electrode. A light-emitting part 104 is an ingredient which presents the electroluminescence (EL) 
phenomenon which emits light by impressing an electrical potential difference and electric field. A light-emitting 
part 104 does not ask the organic substance and an inorganic substance that what is necessary is just the 
ingredient which presents EL phenomenon. If it uses, the organic film, i.e., the organic electroluminescence 
ingredient, which presents EL phenomenon as a light-emitting part 104, membranes can be easily formed with 
vacuum deposition etc. Alq3 grade is mentioned as an example of representation of an organic 
electroluminescence ingredient. If it is the organic electroluminescence ingredient which presents EL 
phenomena, such as aluminum (PBI3) which does not restrict to Alq3, of course and presents blue luminescence, 
and DPVBi which is blue luminescent material too by the cis- CHIRIRU system, it is good anything. 
[0015] Moreover, the ultrafine particle of a semi-conductor can also be used for a light-emitting part 104. For 
example, the semi-conductor ultrafine particle of 14 group elements, such as Si, emits light by impressing 
electric field as indicated by JP,7~52670,B. The gestalt of the operation using this is shown in drawing 2 . 
[0016] The ultrafine particle 201 of 14 group element is allotted among the planar electrodes 102 and 103 as a 
thing equivalent to the light-emitting part 104 shown by draw ing 1 in drawin g 2 . That to which has germanium 
besides Si etc. as an ultrafine particle of this 14 group element group, and that part has oxidized at least is 
desirable. Moreover, you may be the structure where these particles are buried in the oxide. Particle size is 
about 10nm or less except for the part which has oxidized. While the diameter of a grain using such a semi- 
conductor particle can arrange to inter-electrode [ small / with short width of face ], there is a merit that 
luminescence wavelength can be adjusted, by changing particle size. The minimum distance d1 of the planar 
electrodes 102 and 103 or the width of face d2 of said electrode is shorter than the luminescence wavelength of 
a light-emitting part 104. Both ******, and d1 and d2 may be shorter than wavelength. For example, when AJq3 
is used for a light-emitting part 104 as organic electroluminescence film, luminescence wavelength is about 
515nm and either [ at least ] d1 or d2 are shorter than this die length. The approach using electron beam 
lithography (EB exposure) as an approach of forming this planar electrode etc. is mentioned. 
[0017] An electrical potential difference is impressed with the planar electrode 102, and EL luminescence of the 
light-emitting part 104 is carried out. Under the present circumstances, since the minimum distance d1 of an 
electrode, width of face d2, or its both are shorter than luminescence wavelength, the luminescence pattern of 
this light-emitting part will have width of face shorter than luminescence wavelength. The light of width of face 
shorter than luminescence wavelength can be irradiated across the diffraction limitation of light by approaching 
and arranging in the distance of wavelength extent of light about in the location which carried out the optical 
exposure. Moreover, with the structure by this invention, since there is no electrode in the upper part of a 
component, there is also an advantage that there is no loss of the light by the up electrode. Since there is 
furthermore no up electrode, there is also an advantage that the object which carries out an optical exposure is 
approached and a light-emitting part can be arranged. 

[0018] With the operation gestalt of drawin g 1 , it is arranged as the light-emitting part exists only between 
inter-electrode closest-approach parts exactly, but as a light-emitting part shows drawing 3 , you may spread in 
the whole. 

[0019] Drawin g 3 arranges the luminescence thin film 301 uniformly on the same insulating substrate 101 of 
structure and the same planar electrode 102 as the operation gestalt shown in drawing 1 , and 103. The 
ingredient of the luminescence thin film 301 should just be an ingredient which emits light by impressing an 
electrical potential difference and electric field like the operation gestalt shown in drawing J[ . When the film 
which membrane formation is easy and contains 14 group ultrafine particle when the organic 
electroluminescence film is used for the luminescence thin film 301 is used, there is an advantage that 
wavelength can be changed, by being able to arrange to inter-electrode [ with short width of face ], and changing 



particle size. 

[0020] Drawing 3 (a) shows the electrode structure before attaching the luminescence thin film 301. The 
structure shown here is the part excluding the light-emitting part 104 from the operation gestalt of drawing 1 . 
With this operation gestalt. the luminescence thin film 301 is attached to this electrode structure from a top. 
Even if it attaches the luminescence thin film 301 only to this part and attaches it to the whole again that what 
is necessary is to just be attached to the part pinched by the planar electrodes 102 and 103, it is not cared 
about. Drawing 3 shows the gestalt attached also to the upper part of electrodes 102 and 103. Drawing 3 (b) EL 
light emitting device of this operation gestalt is shown in - (d). 

[0021] Drawing 3 (b) is drawing which attached the luminescence thin film to the upper part of (a), and looked at 
this from the upper part of (a), (c) and (d) are the sectional views of line A-A 'and line B-B' of drawing (b). Also 
in this operation gestalt, either [ at least ] the minimum distance d1 of the planar electrodes 102 and 103 or the 
width of face d2 of the planar electrodes 102 and 103 is shorter than the luminescence wavelength of the 
luminescence thin film 301. 

[0022] In the case of the component by this example, many currents flow, and especially, light is emitted into the 
part (part of an illustration slash) pinched by the planar electrode 102 and the planar electrode 103 by strong 
reinforcement, and it can be used for it as a luminescence pattern of width of face shorter than wavelength. The 
light of width of face shorter than wavelength can be irradiated across the diffraction limitation of light by 
approaching and arranging about, the part 302 which emits light by this strong reinforcement also in this case for 
an exposure, below at the wavelength of light. 

[0023] It is the example which formed the light-emitting part 401 on the insulating substrate 101 with the 
operation gestalt shown in drawin g 4 , and formed the planar electrodes 402 and 403 on it further. The 
luminescence thin film 401 should just be an ingredient which presents EL phenomenon. If the organic 
electroluminescence film is used, manufacture is easy, if the thin film containing 14 group semi-conductor 
ultrafine particle is used, it can arrange to inter-electrode [ with short width of face ], and control of the 
wavelength by particle-size control is possible. Either [ at least ] the inter-electrode minimum distance d1 or the 
width of face d2 of an electrode is shorter than luminescence wavelength like [ the configuration of the planar 
electrodes 402 and 403 ] the planar electrodes 102 and 103 also in this case. Many currents flow into the part 
(illustration shadow area) pinched by the planar electrode 402 and the planar electrode 403 also in this case, 
especially, light is emitted by strong reinforcement and the luminescence pattern which has width of face shorter 
than parenchyma top wavelength is shown. The light of width of face shorter than the wavelength of light can be 
made to irradiate across the diffraction limitation of light by approaching and arranging about, the part 404 which 
emits light by this strong reinforcement for an exposure, below at the wavelength of light. 

[0024] The operation gestalt shown in drawing 5 forms the organic film on it by using between planar electrodes 
as an insulating part in the operation gestalt shown in drawing 3 . The planar electrodes 502 and 503 are formed 
on the insulating substrate 501, and the insulating section 504 is formed further in the meantime. Moreover, a 
light-emitting part 505 is made to deposit. In this configuration, the planar electrodes 502 and 503 are deposited 
as continuation film, and there is the approach of forming the insulating section 504 after that. Many currents 
flow and the illustrated shadow area corresponds to the part 506 which emits light by strong reinforcement. 
[0025] About 3-5nm of Ti is made to deposit by the spatter as an example of production of a such planar 
electrode, and there is the approach of oxidizing Ti by nano meter order using an atomic force microscope after 
that. 

[0026] Drawin g 6 explains this creation approach. Si02 100nm film is attached to the front face of the Si 
substrate 601 by the oxidizing [ thermally ] method (a). The Ti thin film 602 of 3nm of thickness is formed by the 
spatter on this Si substrate 601 (b). Next, it leaves Ti with a width of face of 1 micrometer by the usual 
lithography method, and other Ti is removed. That is, the Ti thin line 603 with a width of face of 1 micrometer is 
formed (c). It oxidizes in some Ti thin lines 603 using an atomic force microscope (AFM) after that. 
[0027] DrawingJJ (d) is drawing showing the situation. The AFM probe 604 is supported by the cantilever 605, 
and calls the AFM probe 606 in accordance with these. A cantilever 605 has 0.01 - 10 N/m extent as a load 
rate, and is easy to be used for the usual AFM. In addition, in contact with the sample of a probe 604, even if 
few, a conductive ingredient is attached at a tip and it can connect with the exterior electrically. What is 
necessary is to attach Pt to a probe 604 and the whole cantilever 605 front face by the spatter as an example, 
and just to connect this to an external circuit. In this example of production, the Ti thin line 603 and the AFM 
probe 606 are connected to a power source 607, as shown in (d) in drawing. Several V electrical potential 
difference is impressed so that a probe 604 may be contacted into the part which wants to oxidize the Ti thin 
line 603 and the Ti thin line 603 may be added. Then, the front face of the Ti thin line 603 oxidizes by anodic 
oxidation. In order that oxidization may attain to a depth of several nm from a front face at this time, as for the 
Ti thin line 603, oxidization advances to the interface of the Si substrate 601 in the direction of a probe cross 
section. Thereby, the oxidation part 608 is formed. The Ti thin line 603 is separated into two planar electrodes 
609 and 610 by this oxidation part 608. Although the width of face which oxidizes is decided by the radius of 



curvature at probe 604 tip, applied voltage, humidity, etc., in the usual AFM probe, the diameters of a tip are a 
number - 10nm of numbers, and it can form the oxidation part 608 by the width of face of nano meter order. It is 
also possible by scanning contacting a probe 604 on Ti thin line 603 front face, where an electrical potential 
difference is impressed to form the oxidation part 608 in the shape of a field. It is possible by changing a scan 
method to form the oxidation part 608 in arbitrary configurations. 

[0028] The Ti thin line 603 is shown in drawing 7 . Ti will be divided into two planar electrodes 702 and 703 if it 
oxidizes in a part as shows this Ti thin line 603 by 701 in drawing. When producing the light emitting device by 
this invention, even if there is little minimum distance d1 or width of face d2, it is shorter than wavelength any 
they are. 

[0029] If the organic electroluminescence film is formed with vacuum deposition etc. next, any one side can 
realize a part for a light-emitting part shorter than luminescence wavelength in the precision moreover 
controlled by nano meter order by the configuration of arbitration. 

[0030] Moreover, in the producing method shown in drawing 6 , a light-emitting part is formed on the Si 
substrate (insulating substrate) 601, the Ti thin film 602 is deposited after that, and oxidation by the AFM probe 
may be performed. 

[0031] Moreover, although the planar electrodes 609 and 610 with which the Ti thin line 603 was anodized in the 
above-mentioned production approach, and the part was electrically insulated as an oxide were formed Instead, 
by moving the AFM probe 606 to some Ti thin lines 603, where probe 604 tip is forced, and cutting some Ti thin 
lines 603, the planar electrode of a pair with which the Ti thin line 603 was insulated electrically may be formed. 
[0032] Thus, by producing, some patterns [ at least ] are shorter than luminescence wavelength, and it can 
produce the light emitting device which has the luminescence pattern of arbitration. 
[0033] 

[Effect of the Invention] As explained above, in this invention, the light source with size smaller than 
luminescence wavelength is realizable. It becomes possible by carrying out contiguity arrangement of this from 
luminescence wavelength to an object to irradiate light to the field of size smaller than the size decided to a 
diffraction limitation. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[ Drawin g 1] It is drawing explaining the light-emitting part concerning 1 operation gestalt of this invention. 

(a) It is the perspective view showing the whole component. 

(b) It is the top view which looked at the component from drawingj (a). 

(c) It is the sectional view seen in the cross section which shows a component to line A~A' of drawin g 1 (b). 

(d) It is the sectional view seen in the cross section which shows a component to line B-B' of drawin g 1 (b). 
[Drawing 2] It is drawing explaining the light-emitting part concerning 1 operation gestalt which used 14 group 
semi-conductor ultrafine particle for the light-emitting part. 

(a) It is the perspective view showing the whole component. 

(b) It is the top view which looked at the component from drawin g 2 (a). 

(c) It is the sectional view seen in the cross section which shows a component to line A-A' of drawing 2 (b). 

(d) It is the sectional view seen in the cross section which shows a component to line B-B' of drawing 2 (b). 
[ Drawin g 3] It is drawing explaining the light-emitting part concerning 1 operation gestalt of this invention. 

(a) It is the perspective view showing the whole component. 

(b) It is the top view which looked at the component from drawing 3 (a). 

(c) It is the sectional view seen in the cross section which shows a component to line A-A' of drawin g 3 (b). 

(d) It is the sectional view seen in the cross section which shows a component to line B-B' of d rawin g 3 (b). 
[Drawjng_4] It is drawing explaining the light-emitting part concerning 1 operation gestalt of this invention. 

(a) It is the perspective view showing the whole component. 

(b) It is the top view which looked at the component from drawing 4 (a). 

(c) It is the sectional view seen in the cross section which shows a component to line A~A* of drawing 4 (b). 

(d) It is the sectional view seen in the cross section which shows a component to line B~B T of drawing 4 (b). 
[Drawing 5] It is drawing explaining the light-emitting part concerning 1 operation gestalt of this invention. 

(a) It is the perspective view showing the whole component. 

(b) It is the top view which looked at the component from drawing 5 (a). 

(c) It is the sectional view seen in the cross section which shows a component to line A~A' of drawing 5 (b). 

(d) It is the sectional view seen in the cross section which shows a component to line B-B* of drawin g 5 (b). 
[Drawing 6] It is drawing having shown how to produce the electrode of the operation gestalt shown in drawing 5 
with an anode oxidation method using an atomic force microscope. 

[ Drawin g 7] It is drawing showing the example of the oxidation pattern in the case of oxidizing in some Ti thin 
lines. 

[Description of Notations] 
101: An insulating substrate 
102: Planar electrode 
103: Planar electrode 
104: Light-emitting part 
201:14 group ultrafine particle 
301: Luminescence thin film 

302: The part which emits light by strong reinforcement 
401: Luminescence thin film 
402: Planar electrode 
403: Planar electrode 

404: The part which emits light by strong reinforcement 

501: Insulating substrate 

502: Planar electrode 

503: Planar electrode 

504: Insulating section 

505: Light-emitting part 



506: The part which emits light by strong reinforcement 

601: Si substrate 

602: Ti thin film 

603: Ti thin line 

604: Probe 

605: Cantilever 

606: AFM probe 

607: Power source 

608: Oxidation part 

609: Planar electrode 

610: Planar electrode 

701: The oxidation part of Ti 

d1 : The planar inter-electrode minimum distance 
d2 : Width of face of a planar electrode 
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[Drawing 3] 
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[ Drawin g 5] 
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[Drawing 6] 
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[ Drawin g 7] 
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